ABSTRACT: Our objectives were to estimate genetic parameters for carcass traits and evaluate the influence of slaughter end point on estimated breeding values (BV). Data provided by the American Simmental Association were divided into three sets: 1) 9,604 records of hot carcass weight (CW) and percentage retail cuts (PRC), 2) 6,429 records of CW, PRC, and marbling score (MS), and 3) 1,780 records of CW, PRC, MS, fat thickness (FT), and longissimus muscle area (LMA). Weaning weights (WW) from animals with carcass data and from their weaning contemporaries were used. Data were analyzed with a multiple-trait animal model and REML procedures to estimate genetic parameters and BV on an age-, CW-, MS-, or FT-constant basis. The model for carcass traits included fixed contemporary group and covariates for breed, heterozygosity, and slaughter end point and random additive direct genetic and residual effects. Weaning weight was preadjusted for founder effects, direct and maternal heterosis, age of dam, and age of calf. The model for WW included fixed contemporary group and random additive direct genetic, maternal genetic, maternal permanent environment, and residual effects. Heritabilities from data set 1 were 0.34 for CW and 0.25 for PRC on an age-
Introduction
Production/marketing systems within the cattle industry are changing rapidly. Changes associated with retained ownership, alliances, grid pricing, niche markets, and branded products result in increased empha-595 constant basis and 0.25 for PRC on a CW end point. Heritabilities for data set 2 were 0.35, 0.24, and 0.36 for CW, PRC, and MS, respectively, on an age-constant basis. Data set 2 heritabilities were 0.25 for PRC and 0.34 for MS on a CW-constant basis and 0.33 for CW and 0.25 for PRC at a constant MS end point. Heritabilities on an age-constant basis for data set 3 were as follows: CW, 0.32; PRC, 0.09; MS, 0.12; FT, 0.10; and LMA, 0.26. Heritability estimates for data set 3 on a CW-, MS-, and FT-constant basis were similar to those on an age-constant basis. Heritabilities were 0.12 for PRC, 0.12 for MS, 0.14 for FT, and 0.22 for LMA on a CW-constant basis; 0.30 for CW, 0.09 for PRC, 0.10 for FT, and 0.28 for LMA at a constant MS end point; and 0.33, 0.17, 0.13, and 0.29 for CW, PRC, MS, LMA on a FT-constant basis. Genetic correlations among traits varied across groups and end points but suggested that it should be possible to select for improved lean yield without sacrificing quality grade. Correlations were calculated among BV computed at different end points. Adjustment to various end points resulted in some changes in BV and reranking of sires, especially for PRC; however, the number of records available had a larger influence than slaughter end point. sis on traits that determine carcass merit. Beef producers face the challenge of using diverse resources to produce cattle that are profitable to all segments of the industry and to produce meat products that target consumer demand (Marshall, 1994) . To accomplish these goals, breeders need genetic information from a broad spectrum of marketing end points to implement effective breeding and management plans.
Most breed associations currently adjust carcass traits to a constant age when computing breeding values (BV) or EPD. However, age is seldom the primary criterion determining slaughter date in present production systems. It could be argued that estimated carcass quality grade or external fat more closely represent slaughter criteria. In experimental studies, cattle have been slaughtered at (or the data adjusted to) several end points, yet age has been the most common criterion (Koots et al., 1994a,b; Marshall, 1994; Shanks, 1999) . Slaughter end point can alter the expression of genetic and environmental differences . Because current BV are adjusted to an end point that does not closely match slaughter criteria, breeders need to know whether sires rank differently at alternative end points. The objectives of this project were 1) to estimate genetic parameters for carcass traits in Simmental cattle at different slaughter end points and 2) to determine the relationships among BV for carcass traits computed at different slaughter end points.
Materials and Methods

Carcass Data
Carcass records on 13,157 Simmental and percentage Simmental calves, collected from 1971 to 1998, were provided by the American Simmental Association. Traits evaluated in this study were hot carcass weight (CW), percentage retail cuts (PRC), marbling score (MS), longissimus muscle area (LMA), and fat thickness (FT). Percentage retail cuts is an estimate of the yield of closely trimmed, boneless retail cuts from the round, loin, rib, and chuck (USDA, 1997). Edits were performed to eliminate records (n = 3,297) that were incomplete, from twins, embryo transfer calves, animals managed uniquely, and cattle slaughtered outside the range of 365 to 800 d.
Trait values that were obvious errors or of extreme magnitude were excluded from the record. Values were required to be between 0.0 and 3.81 cm for FT, 39 and 131 cm 2 for LMA, 100 and 1,000 units for MS (100 = devoid, 1,000 = abundant), 136 and 500 kg for CW, and 40 and 60% for PRC. There were 9,860 records with data for at least one of the five carcass traits and a minimum of two records in each contemporary group. The data set contained 5,015 bulls, 3,416 steers, and 1,429 heifers. The large number of bulls includes steers that were initially recorded as bulls.
There were 711 sires represented by progeny carcass data, and the average number of progeny per sire was 13.9. Sires ranged from 66% Simmental to purebred Simmental. Twelve different breeds constituted the remaining genetic makeup of sires contained in the data set. There were 8,344 dams represented, ranging from zero percentage Simmental to purebred Simmental. Thirty-seven different breeds constituted either the entire or remaining genetic makeup of dams.
Weaning Data
Weaning weight (WW) was used in multiple-trait analyses to help correct for potential bias due to selection associated with WW (Pollak and Quass, 1981; Pollak et al., 1984) . Weaning weights of 231,327 animals were edited in the same manner described for carcass data. In addition, age at weaning was required to be between 159 and 250 d. Weaning data from animals that were not contemporaries with any animals with carcass trait information were eliminated. This resulted in 22,434 WW records for use in subsequent analyses.
Contemporary Groups
Carcass contemporary group was defined as animals of the same sex that were from the same herd (i.e., same breeder number and herd code), fed and managed alike, and slaughtered on the same day. Weaning contemporary group was defined as animals of the same sex that were from the same herd, managed alike (i.e., same pasture unit and management code), and weaned on the same day. There were a total of 1,003 carcass contemporary groups resulting in an average of 9.8 records per contemporary group. Average number of sires represented per carcass contemporary group was 1.4. The most progeny by one sire in a single carcass contemporary group was 33. There were 785 weaning contemporary groups with an average of 31.5 records per contemporary group. Pedigrees from single-record contemporary groups (described below) remained in the pedigree file.
Founder Effects and Heterosis
Performance was regressed on the fraction of the breed group represented in the genetic makeup of the animal (Robison et al., 1981; Pollak and Quass, 1998) . Breed fractions for calves were determined from the breed compositions of sires and dams. Because over 60 breeds were represented (many in small fractions), breeds were grouped by type into 12 categories following current American Simmental Association multibreed international cattle evaluation procedures. The 12 categories were Angus, Hereford, other British, Charolais, Gelbvieh, Limousin, Simmental, other Continental, Brahman, American (Brahman influenced breeds), Dairy, and Mixed (unknown) .
Direct and maternal heterotic effects were accounted for by regressing performance on breed heterozygosity of the calf and dam, respectively. Animal and dam breed heterozygosity was computed based on breed fractions in calves and dams, respectively. Preliminary analyses indicated that there was insufficient information to separate heterosis into categories of specific heterosis based on breed composition.
Weaning weights were preadjusted for founder effects (breed of calf, breed of dam, and year), direct heterosis, maternal heterosis, age of dam, and age of calf (205 d). Adjustment factors were those used in the American Simmental Association multibreed international cattle evaluation for WW, of which these WW data were a subset. We viewed preadjustment based on more information to be preferred over re-estimation of these effects based on less information. 
Statistical Models
The variable number of measurements recorded for the different carcass traits made it necessary to partition the data into three sets (Table 1) . Set 3 contained records that were also present in the first two sets, and Set 2 contained records from Set 1.
Variance components and BV were estimated using derivative-free REML (Smith and Graser, 1986; Graser et al., 1987) for an animal model as implemented in MTDFREML (Boldman et al., 1995) . Carcass traits were analyzed initially in single-trait analyses to obtain starting values for two-trait analyses, which included one carcass trait and WW. Two-trait analyses provided heritability estimates. Three-trait analyses (two carcass traits and WW) were completed to estimate genetic and phenotypic correlations among carcass traits. Secondary products of the two-trait analyses included heritabilities for WW and genetic and phenotypic correlations between carcass traits and WW (direct and maternal).
The single-trait linear model for carcass traits included the additive direct genetic effect of animal and the fixed effect of carcass contemporary group. Linear regressions on breed fraction (10 breed groups), breed heterozygosity, and slaughter endpoint (age, CW, MS, or FT) were fit as covariates. The Brahman breed group was integrated into the Mixed category because of the small number of animals contained in this group. Because breed group fractions summed to 1.0, the breed group for Simmental was omitted. Hence, estimated breed group constants were deviations from Simmental.
In matrix notation the single-trait model equation for analyses of carcass traits can be expressed as follows:
where y is the vector of carcass trait observations, β is the vector of unknown fixed effects, and u is the vector of direct genetic effects with associated incidence matrices X and Z, respectively, and e is a vector of random residual effects. The mean vector is E(y) = Xβ and
where A is the numerator relationship matrix among animals, I is the appropriate identity matrix, and σ 2 u and σ 2 e are variances due to direct genetic and residual effects, respectively.
The two-trait model included all components of the single-trait model for analyses of carcass traits and for WW included the additive direct genetic effect of animal, maternal genetic effect of dam, maternal permanent environment effect, and the fixed effect of weaning contemporary group. The model was as follows:
where y 1 represents the vector of the carcass trait observations, β 1 is the vector of unknown fixed effects, u 1 is the vector of direct genetic effects with associated matrices X 1 and Z 1 , respectively, and e 1 is a vector of random residual effects; y 2 represents the vector of the WW observations, β 2 is the vector of unknown fixed effects, u 2 is the vector of direct genetic effects, m is the vector of maternal genetic effects, d is the vector of maternal permanent environment effects with associated incidence matrices X 2 , Z 2 , W, and P, respectively, and e 2 is a vector of random residual effects. Expectations of y i are X i β i and the variance covariance structure of random effects was assumed to be as follows: 
, and σ 2 e2 are variances due to direct genetic for the carcass trait, direct genetic for WW, maternal genetic for WW, maternal permanent environment for WW, and residual effects for both traits, respectively, with corresponding covariances.
The three-trait model was an extension of the twotrait model and included two carcass traits and WW. In matrix notation the three-trait model can be expressed as follows:
where y 1 and y 2 represent vectors of the carcass trait observations and y 3 represents the vector of the WW observations (previously described in the two-trait model). Expectations of y i are X i β i and the variance covariance structure of random effects was assumed to be as follows: 
The pedigree file was used to compute the inverse of the numerator relationship matrix (A −1 ), which contained 52,532 animal, sire, and dam identification numbers.
For each model (single-trait and multiple-trait), three cold restarts using different starting values were run to ensure that a global maximum of the log likelihood function was found. Convergence was assumed when the variance of the log-likelihood function values associated with the simplex reached 10 −9
. For estimation of variance components between two carcass traits (threetrait analyses), a considerable number of computations were required. Therefore, it was necessary to hold WW (co)variances constant in order to reach final convergence in a reasonable time. Values for these covariances were taken from two-trait analyses involving the same data set. For example, three-trait analyses involving LMA, FT, and WW were performed using data set 3, and analyses involving LMA, MS, and WW used data set 2.
To measure agreement between carcass trait BV computed at different slaughter end points, Pearson product-moment correlations and Spearman rank correlations (SAS Inst. Inc., Cary, NC) were computed among BV estimates for the same trait at different slaughter endpoints. This was done two ways: 1) using BV on all animals in the pedigree file and 2) using only sires.
Results and Discussion
Heritabilities
Due to data constraints all traits and adjustment methods could not be studied within a single data set. Heritability estimates for direct WW were consistent across traits and data sets (range = 0.15 to 0.18) and averaged 0.16 within each data set. Heritabilities for maternal WW were also similar (range = 0.08 to 0.11) but were slightly different between data sets (0.08, 0.09, and 0.10 for data sets 1, 2, and 3, respectively). Estimates of maternal permanent environmental variance differed among data sets, averaging 0.17, 0.20, and 0.30 of the phenotypic variance in data sets 1, 2, and 3, respectively.
Adjustment to different slaughter end points had little effect on heritability estimates for carcass traits computed from the same data set (Table 2 ) but decreased by approximately half when estimated from data set 3. Within data set 3, adjustment to different end points led only to small differences among estimates within traits.
Heritability estimates computed at a constant age 5 were generally similar to those reported by other researchers. Heritability for LMA (0.26) was in agreement with several previous findings as reported in reviews by Koots et al. (1994a ), Marshall (1994 , and Shanks (1999) . However, larger and smaller estimates have been reported. Heritability for FT (0.10) was smaller than most estimates reported (Koots et al., 1994a; Marshall, 1994; Shanks, 1999) . For MS, our heritability estimate (0.36) was in variable agreement with studies summarized by Koots et al. (1994a ), Marshall (1994 ), and Shanks (1999 . In a study using Simmental field data from 1971 to 1988, Woodward et al. (1992) reported a heritability of 0.23 for MS. The heritability estimate of PRC (0.25) was similar to that found by Lamb et al. (1990) and Cundiff et al. (1971) for cutability, whereas Koch et al. (1982) reported a higher heritability for retail product percentage. Woodward et al. (1992) reported a heritability of 0.18 for cutability using 5
Here and elsewhere, "constant age" refers to studies that collected (or adjusted) carcass data to a constant age or constant time on feed. Simmental field data. Carcass weight was moderately heritable (0.34), in accordance with several previous studies (Koots et al., 1994a; Marshall, 1994; Shanks, 1999) . In contrast, Cundiff et al. (1971) , Koch (1978), and MacNeil et al. (1984) found CW to be highly heritable and Wheeler et al. (1996) found it to be lowly heritable. Differences between heritabilities for carcass traits based on age and weight covariates were small, in agreement with Cundiff et al. (1971) and Veseth et al. (1993) . Weight-constant heritabilities of 0.22 and 0.14 were obtained for LMA and FT, respectively, which are smaller than those published by Cundiff et al. (1971) , Wilson et al. (1976) , and Arnold et al. (1991) . For MS, our estimate (0.34) agreed favorably with those published by Cundiff et al. (1971) , Wilson et al. (1976) , and Arnold et al. (1991) , respectively. Percentage retail cuts yielded a heritability estimate of 0.25, lower than previous weight-constant heritabilities for cutability (Cundiff et al., 1971; Wilson et al., 1976) .
There are few reported carcass trait heritabilities adjusted to a marbling-constant basis. Heritabilities for LMA and FT were lower than those found by Brackelsberg et al. (1971) , based on Hereford and Angus steers slaughtered at a desired quality grade (estimated live).
When adjusted to a FT-constant basis, heritability estimates for LMA and MS (0.29 and 0.13, respectively) were lower than estimates previously reported (Gilbert et al., 1993; Wulf et al., 1996; O'Connor et al., 1997) . The heritability of PRC (0.17) was also lower than that reported by Gilbert et al. (1993) . However, heritability for CW was higher than previously reported (Gilbert et al., 1993; Wulf et al., 1996) .
Genetic Correlations Among Carcass Traits
Genetic correlations among carcass traits presented in Table 3 are based on estimates from the largest data set available for each pair of traits. Estimated genetic correlations at age-and weight-constant end points were in general agreement with the literature. However, because of the large standard errors generally associated with genetic correlations, inconsistencies between studies were anticipated and observed. Few correlations exist in the literature at marbling or fat thickness end points.
Genetic correlations between LMA and FT were near zero and consistent across slaughter end points, in agreement with several studies conducted at a constant age, whereas other studies have reported stronger negative relationships between LMA and FT (Koots et al., 1994a; Marshall, 1994; Shanks, 1999) . Studies conducted at a constant weight (Wilson et al., 1976; Arnold et al., 1991) or constant fat thickness (Gilbert et al., 1993 ) also found larger negative correlations. Brackelsberg et al. (1971) suggested a small negative association between LMA and FT on a marbling-constant basis.
The genetic correlation between LMA and MS was moderate and positive at age and fat thickness end points but smaller on a weight-constant basis. At constant age most studies have found this relationship to be negative (Marshall, 1994; Koots et al., 1994a; Shanks, 1999) , but Lamb et al. (1990) and Veseth et al. (1993) found values close to those reported here. Studies based on constant quality grade (Brackelsberg et al., 1971) or weight (Wilson et al., 1976; Arnold et al., 1991) also reported negative correlations between LMA and MS. However, at a fat-constant end point Gilbert et al. (1993) and Wulf et al. (1996) found positive correlations.
Genetic relationships between LMA and PRC and between LMA and CW were high and positive at all end points. Koch et al. (1982) and Crews and Kemp (1999) found positive genetic associations between LMA and retail product percentage when adjusted to an age-constant end point. Previous estimates for the genetic correlation between LMA and CW on an age-constant basis ranged from 0.02 to 0.80 (Koots et al., 1994a; Marshall, 1994; Shanks, 1999) .
Genetic correlations between FT and MS were low and positive at both age-and weight-constant end points. On an age-constant basis, other researchers have found the association to be high and positive (Dunn et al., 1970; Koch, 1978; Lamb et al., 1990) , moderate and positive (Dinkel and Busch, 1973; Koch et al., 1982; Gregory et al., 1994 Gregory et al., , 1995 , near zero (Wheeler et al., 1996) , or low and negative (Wilson et al., 1993) . At a constant weight, FT and MS were positively correlated (Wilson et al., 1976; Arnold et al., 1991) .
Fat thickness and PRC exhibited a negative genetic correlation. However, the relationship was strongest on a weight basis, weakest at constant age, and intermediate at constant marbling. Wilson et al. (1976) and Crews and Kemp (1999) found large negative genetic correlations between percentage cutability and FT, whereas Wheeler et al. (1996) reported a correlation of 0.86 between yield grade and FT.
Genetic correlations between FT and CW were consistent at age and marbling end points. Based on studies reviewed by Koots et al. (1994a) , Marshall (1994) , and Shanks (1999) , there is considerable evidence that the genetic correlation between FT and CW is positive in British cattle on an age-constant basis. In two studies that included both British and Continental breeds, the correlation between FT and CW was smaller, though still positive (0.13) Crews and Kemp, 1999) . The negative association between FT and CW observed in this study may reflect differences between British and Continental cattle.
Percentage retail cuts had no genetic association with MS. At a constant age, studies reviewed by Koots et al. (1994a) , Marshall (1994) , and Shanks (1999) found small to moderate negative genetic correlations between cutability or retail product percentage and MS. Wheeler et al. (1996) reported the correlation between yield grade and MS to be 0.32 (age constant), whereas Wulf et al. (1996) found it to be near zero (fat constant).
The genetic correlation between MS and CW was lower on a fat thickness basis than on an age basis. Previous estimates at a constant age range from moderately negative to highly positive (Koots et al., 1994a; Marshall, 1994; Shanks, 1999) . Larger estimates (>0.50) were found in studies conducted at a constant fat thickness (Gilbert et al., 1993; Wulf et al., 1996) .
Genetic correlations between PRC and CW were small and negative at age and weight end points, similar to previous studies (Cundiff et al., 1971; Koch et al., 1982; Lamb et al., 1990) . When adjusted to a constant fat thickness, this correlation approached zero, in agreement with Wheeler et al. (1996) , who reported a small but positive correlation between CW and yield grade.
Phenotypic Correlations Among Carcass Traits
Phenotypic correlations (Table 3) agreed well with previous literature estimates. In general, adjustment to different slaughter end points had minor effects on phenotypic correlations. Exceptions were correlations involving PRC, which due to the part-whole relationships with CW, FT, and LMA changed as these traits were held constant. For a detailed review, see Shanks (1999) .
Correlations Between Carcass Traits and WW
Estimated genetic correlations between carcass traits and WW (direct and maternal) are presented in Table  4 . Correlations between direct WW and LMA were moderate and positive at age, marbling, and fat-thickness end points. At constant carcass weight, this correlation decreased, probably reflecting reduced variation in LMA when weight was constrained. Genetic correlations of WW and FT, MS, or CW were consistent across end points. Correlations between WW and PRC were more variable but near zero.
Comparison to previous studies is complicated by the fact that most previous studies have not separated direct and maternal effects for weaning weight. Hence, as modeled WW may be essentially a different trait from that considered in other studies. The exception is the study reported by Crews and Kemp (1999) . They reported genetic correlations of direct WW with LMA, FT, percentage lean yield, and CW of 0.34, −0.25, 0.15, and 0.28, respectively. Corresponding genetic correlations with maternal WW were 0.18, 0.04, 0.03, and 0.64.
Reviews by Koots et al. (1994b) and Marshall (1994) presented similar average genetic correlations on an age-constant basis, except that both reviews reported the average genetic correlation between WW and FT as positive, whereas the average genetic correlation between WW and MS was found to be negative by Koots et al. (1994b) . On a weight-constant basis, Arnold et al. (1991) obtained positive but Wilson et al. (1976) reported negative genetic correlations between WW and LMA. Wilson et al. (1976) also indicated genetic antagonism between WW and MS, but Arnold et al. (1991) found little association. Arnold et al. (1991) reported a small but positive genetic correlation between WW and CW.
Direct WW was negatively related genetically with FT, in general agreement with Wilson et al. (1976) and Arnold et al. (1991) . The negative relationship between FT and WW could be related to maturing rate. Animals that are heavier at weaning may mature slower and consequently could have increased amounts of lean muscle tissue relative to external fat. Genetic correlations between WW and PRC were of opposite sign to those reported by Wilson et al. (1976) and switched sign between age-and weight-constant analyses.
Previous estimates of genetic correlations between WW and carcass traits adjusted to fat or marbling end points were not found in the literature.
Genetic correlations between maternal WW and LMA and maternal WW and FT were opposite in sign from corresponding correlations with direct WW, suggesting that maternal effects on fat and lean growth are positive and negative, respectively. Consistent with this interpretation, correlations between maternal WW and CW were moderate and positive at constant age or marbling but essentially zero at constant fat thickness, whereas Correlations from all animals above diagonal and correlations from sires below diagonal. All correlations significantly different from zero (P < 0.0001).
correlations between maternal WW and PRC were negative, though variable. Genetic correlations between maternal WW and MS were near zero. Undoubtedly, the accuracy of the genetic correlations involving maternal WW estimated in this study is low. Crews and Kemp (1999) found that direct and maternal WW correlations switched sign for FT but not for LMA.
Except for CW, phenotypic correlations between carcass traits and WW were small or near zero (Table 4) .
Correlations Among BV Computed at Different Slaughter End Points
Tables 5 through 9 present correlations among BV for the same trait computed at different end points. Within each table, correlations first presented are those based on the greatest amount of data available on the trait. Because LMA and FT were only available from data set 3, correlations involving these traits could only be studied within this data set. Marbling scores were available in data sets 2 and 3. Breeding values for MS could be computed from data set 2 or 3, adjusting for age or weight, whereas adjustments for fat thickness could only be done in data set 3. Hence, correlations among BV for MS at different end points could be performed across or within data sets. For PRC and CW, correlations among BV could be computed within and across all three data sets. Consider, for example, BV computed for PRC. Breeding values for PRC could be adjusted to a constant age or weight using data set 1, adjusted to a constant marbling only in data set 2, and adjusted to constant fat thickness only in data set Correlations from all animals above diagonal and correlations from sires below diagonal. All correlations significantly different from zero (P < 0.0001).
3. Within data set 2, analyses could be conducted at constant age, weight, or marbling. Within data set 3, analyses could be completed at any of the four end points.
For LMA, FT, MS, and CW, correlations among BV within the same data set were high (>0.88), suggesting that adjustment of data to different slaughter end points has little effect on genetic rankings of cattle for these traits. Within data set 3, correlations among PRC BV at age, weight, or marbling end points were all greater than 0.95. However, PRC BV computed at constant FT had correlations below 0.74 with BV computed at constant age, weight, or marbling. Conclusions were similar whether BV for all animals or only sires were considered, although correlations computed across data sets tended to be higher for sires than for all animals.
Correlations among BV for the same trait at different end points computed across data sets were low (most below 0.50), especially those involving BV adjusted to constant fat thickness (only possible in data set 3). As previously discussed, heritabilities and permanent environmental effects from data set 3 tended to be different from those from the other two larger data sets. Correlations from all animals above diagonal and correlations from sires below diagonal. All correlations significantly different from zero (P < 0.0001). Correlations from all animals above diagonal and correlations from sires below diagonal. All correlations significantly different from zero (P < 0.0001).
Discussion
Our results indicate that selection for the measures of carcass merit studied here should yield genetic progress. Selection for improved quality grade (e.g., MS) should be possible without sacrificing lean growth or retail product yield. Considering the small size of these data sets, our results present little evidence that heritabilities are sensitive to end-point adjustment. However, they do illustrate that different small data sets can yield different heritability estimates.
Selection for heavier WW (direct effects) should result in leaner, heavier carcasses with more marbling, whereas selection for improved maternal milk is expected to increase fatness. This suggests that desirable combinations of lean yield, marbling, and fatness will be Correlations from all animals above diagonal and correlations from sires below diagonal. All correlations significantly different from zero (P < 0.0001).
easier to achieve through terminal-sire mating systems than through non-terminal-sire systems.
Genetic correlations involving PRC and other traits were variable across slaughter end points. Similarly, correlations among PRC BV seemed to be sensitive to end-point adjustment (Table 8 , data set 3). This probably reflects part-whole relationships among PRC, CW, and FT. Nevertheless, these results point to potential problems with PRC BV computed at different end points. For production systems that slaughter animals at a constant fat thickness, our results suggest that BV for PRC computed at a constant age (current practice) may not rank Simmental bulls accurately.
Correlations of BV for the same trait adjusted to different end points from different data sets were small in this study. This may be largely explained by different heritabilities within the different data sets. By current standards for growth traits in the industry our data sets for carcass traits are small, yet they are exhaustive for the breed studied and may represent current situations for several other breeds (i.e., limited numbers of data with not all traits of interest measured). Our results illustrate the potential risks of conducting genetic evaluations using small data sets that yield different parameter estimates.
Implications
Selection for carcass fatness, longissimus muscle area, marbling, percentage retail cuts, or carcass weight should yield genetic progress in Simmental cattle. Selection for improved quality grade should be possible without sacrificing lean growth or retail product yield. Genetic evaluations of carcass traits conducted on an age-, weight-, or marbling-constant basis produce similar rankings. However, breeding values for percentage retail cuts computed at a constant age (current
